Introduction
Our perceptual environment is composed of a multitude of visual and auditory stimuli. Some of them are socially relevant, such as faces and voices, which allow both discrimination and recognition of peers as well as of their emotional states. Some other categories of stimuli are only of interest to a restricted section of the population. One example of such a stimulus category is birdsong, which is studied by people who enjoy watching and listening to birds as a hobby or as a professional activity. These individuals, because of their interest in, and repeated exposure to, bird stimuli, have developed an expertise with birds; that is, they display a better ability to identify bird pictures and songs, and to differentiate between them, than the general population.
Expertise has been defined as the appropriate acquisition and use of knowledge in a particular domain [1] . But the main focus of this study is on perceptual expertise, that is, expertise on the basis of perceptual stimulus recognition and processing. Cognitive processes and cortical representations related to visual expertise are being increasingly explored and compared with face expertise (see [2, 3] for different points of view on the participants), whereas studies of expertise in the auditory domain are comparatively rare. Some studies have concentrated on music perception and others on voice perception, but there is a need to integrate these different auditory domains into a common framework.
In auditory perception, musicians have been studied because of the importance of music in human activities. A large amount of information has been gathered on behavioural and cortical modifications that follow auditory training, showing that musicians are characterized by several auditory processing differences when compared with nonmusicians. Musicians are better at perceiving dimensions of pitch and timbre [4] , have a good tonal memory [5] , and they perform better than nonmusicians at discriminating human voice and musical instrument timbres, although their response times are longer [6] . These behavioural differences are accompanied by neurophysiological differences. In particular, the P2 and N1c (right hemisphere, latency about 150 ms) electrophysiological components, evoked by pure and musical tones, have been found to have a greater amplitude in musicians than in nonmusicians [7] . Pantev et al. [8] also found a similar effect for the N1m, the neuromagnetic equivalent of the N1 component, particularly for sounds of the instrument of practice [8] .
Sounds of human voice are a good example of the category of highly familiar sounds. All normal humans can to some extent be considered voice experts because of extensive experience with voice sounds. Thus, the study of voice processing can have important implications for the study of auditory expertise. Little is yet known about the functional anatomy of voice processing. Cortical regions along the bilateral superior temporal sulci show an enhanced response to voice stimuli [9, 10] , but the exact reason for this region's preferential response to voice stimuli is still unknown. Does the enhanced response along the superior temporal sulci to vocal sounds reflect cerebral mechanisms that are tuned to the acoustic structures of voices? Or does it reflect the expertise that normal listeners have necessarily developed within this particular sound category?
Here, the study of auditory-evoked potentials in bird experts and nonexperts was designed to address the question of auditory expertise. The hypotheses, on the basis of results obtained from experiments with musicians [11] , were that bird experts would show larger P2 amplitudes for bird stimuli, when compared with novices.
Methods

Participants
Fourteen amateur bird experts and 14 novices were recruited for the experiment. Half of the participants were men and half were women in both groups. The participants reported having no auditory or intellectual deficits. The ages of the amateur bird experts (mean7SD: 4373.6 years) and the novices (3274.2 years) were not significantly different (t ¼À1.976, P ¼ 0.059). The amateur bird experts were contacted through advertisements placed on the websites of local amateur ornithologist associations and at an amateur ornithologist congress, and they were recruited on the basis of their bird identification activities. They had a mean7SD of 11.576.987 years of experience. All participants gave written informed consent and received C$40 compensation for their participation.
Stimuli
Participants heard 450 different sound stimuli, 150 in each of three categories: birdsongs, human vocalizations and environmental sounds. The birdsongs were selected from the Chants d'oiseaux du Québec et de l'Amérique du Nord (2004) audio CD. Other sound stimuli came from commercially available sources and from recordings in the laboratory. Sounds were edited using Cool Edit Pro (Syntrillium corporation, Phoenix, Arizona, USA) to a sampling rate of 22 050 Hz, a 16-bit resolution, and a duration of 200 ms with a 10-ms linear attack and decay. They were normalized by root mean square using Matlab (The MathWorks Inc., Natick, Massachusetts, USA). The average spectrum of the three sound categories is shown in Fig. 1 .
Procedure Participants were first assessed for their manual laterality using the Edinburgh inventory [12] . Three out of the 14 novices were left-handed and four out of the 14 amateur bird experts were left-handed. The participants also filled a questionnaire about their ornithology activities and their general health.
Participants were installed in a sound-proof cabin and were presented with different sounds in a pseudo-random order, split into 20 blocks of 3 min. The sounds were presented via Beyerdynamic DT 770 headphones at a selfadjusted comfort level of about 65 dB sound pressure level. The participants were instructed to detect a target stimulus that consisted of a 1000 Hz sinusoidal pure sound with a 10% probability of occurrence. They had to press a button each time they heard the target stimulus.
Electroencephalography (EEG) recording and analysis
Electroencephalography (EEG) data were continuously recorded using a Brainamp amplifier (Brainproduct-MR 64 channel-Standard; 62 EEG electrodes, one EOG, one ECG, Brain Products, Munich, Germany). The 64 Ag/AgCl electrodes were installed using a BrainCap, 10-20 array. The reference electrode was FCz. The electrode impedances were kept below 10 kO throughout the recording. Continuous EEG data were recorded at a sampling frequency of 250 Hz using a 0.5-70 Hz band-pass filter. The epochs corresponding to each condition were extracted from the continuous data with a window of 1500 ms beginning 504 ms before stimulus onset.
EEG files of each participant were analysed using EEGlab [13] in Matlab (The Mathworks, Inc.). Epochs were further reduced before the analysis (À200 to 400 ms) and were visually inspected and cleaned for artefacts. For each waveform being measured, the mean voltage was calculated in a predefined window: the N1 wave was measured with a time window of 80-120 ms and the P2 wave was measured with a time window of 180-240 ms. Peak latencies for N1 and P2 were determined in their respective windows using peak values. 
Statistical analyses
The design of the experiment was a 2 Â 3 mixed factorial, with bird expertise (experts vs. novices) as the betweensubjects factor and sound category (birdsongs vs. environmental sounds vs. voices) as the within-subjects factor. To assess group differences in evoked-response-potential (ERP) waveforms, a bootstrap analysis was performed at the three sites on EEG data as implemented in EEGLab [13] for each sound condition. Repeated measurements of analyses of variance (ANOVAs) were used to assess the latent differences in components. Additionally, the amplitudes of N1 and P2 at the three sites were analysed in six ANOVAs with sound condition (birdsongs vs. voices vs. environmental sounds) as a within-subjects factor. Effect sizes were computed as partial Z 2 values. The mean between the Greenhouse-Geisser and Huynh-Feldt correction was used, as suggested by Stevens [14] . A Bonferroni correction was used, with Po0.008 considered statistically significant.
Results
Component amplitudes
Bootstrap analyses revealed that the novices had greater P2 component amplitude than bird experts at Pz and Cz for each of the three sound categories (Fig. 2) . Moreover, bird experts showed greater amplitude on the Fz electrode at about 300 ms but only for the voice condition (Fig. 2) .
ANOVAs were also performed on individually measured peak amplitude and latency of the N1 and P2 components. Figure 4 shows scalp topography maps at 100 and 200 ms after onset. Novices and bird experts showed a similar central negative component at 100 ms for all sound conditions. The central positivity observed at 200 ms (Fig. 4, right  panel) was much more frontal in the novices and was slightly right hemispheric-dominant in the bird experts.
Scalp topography
Discussion
The goal of this study was to explore the neural correlates of expert auditory processing in bird experts. Two main findings emerged: first, the main difference related to expertise was that the bird experts had a smaller P2 response than the novices at Pz and Cz, for all three sound categories. Second, birdsongs were found to elicit smaller N1 amplitudes at Pz, and smaller P2 amplitudes at Fz, than the other two sound categories, irrespective of the bird expertise of the participants.
Smaller P2 in bird experts
The results are not in concordance with the prediction on the basis of results obtained with musicians [7] , that the bird experts would show greater P2 amplitudes. The N1 and P2 components are the two principal auditory components to appear after the onset of a sound stimulus. The N1 component is usually modulated by attentional processes [15] , whereas some studies have demonstrated that the P2 component is modulated by different auditory discrimination learning tasks [16, 17] .
Sheehan et al. [18] investigated the impact of speech discrimination training on the P2 component, while controlling for exposure to training stimuli during pretest and posttest phases of the experiment. Both groups were exposed to instances of speech stimuli during pretraining and posttraining testing, but only the experimental group received explicit speech discrimination training. Their results showed that P2 amplitudes, in response to speech stimuli, increased after the training task, but the increase could be observed in both the trained and the untrained groups. The authors concluded by warning against the assumption that an increase in P2 amplitude automatically reflects an increase in discrimination ability. Unfortunately, the bird experts who participated in this experiment were not assessed for discrimination of bird behaviour but were rather recruited based on years of bird listening activities. This prevented us from investigating possible correlations between behavioural performance and component amplitudes.
Importantly, the P2 amplitudes were also much more frontally distributed in the bird experts as shown in Fig. 3 . This suggests an alternative interpretation: bird experts may have processed all sound categories differently from the novices, perhaps because of greater experience with sound source recognition and identification. Effects of learning, which were initially specific to the trained category, may have generalized to other categories of sounds. Chartrand and Belin [6] observed a similar pattern in musicians: superior musical instrument discrimination performance was correlated with superior voice timbre discrimination performance, suggesting that training with one category may have influenced the processing of unrelated sound categories.
Goldstone [19] described four mechanisms involved in perceptual learning: attention weighting, imprinting, differentiation, and unitization. Attention weighting suggests that in some stages of perceptual information processing, attention can be shifted towards features and dimensions of the stimuli that are important to the participant for the proper completion of the task. It is plausible that when the bird experts heard birdsongs, they shifted their attention towards what they believed to be relevant acoustical features, as they may do during their bird identification activities, and thus performed the required task with a different strategy to that used by the novices. Amateur musicians, for example, have sound processing advantages with acoustical features that are important for their musical practice [20] . An essential aspect of future investigations of auditory expertise will be the precise measurement of discrimination and recognition performance for the expert and nonexpert stimulus categories. One possible factor having influenced the present pattern of results is that the bird experts were older than the control group (43 vs. 32 years old on average), although the difference did not reach significance. In previous research, Anderer et al. [21] quantified the effects of ageing on auditory ERP latencies and amplitudes. Although they found that the P2 amplitudes increased with advancing age up to 60 years, their distribution was more frontal with increase in age. Although these data are interesting and provide some explanation to support the frontal distribution in the bird experts, they cannot account for their smaller P2 amplitudes at the Cz and Pz electrode sites.
Smaller responses to birdsongs in novices and bird experts The birdsongs elicited smaller N1 and P2 amplitudes in the Cz and Pz sites, respectively. This may be explained partly by the fact that the three sound categories (i.e. voices, birdsongs and environmental sounds) do not have the same long-term average spectral distribution (Fig. 1) . In a study conducted by Shahin et al. [11] , P2 auditory-evoked responses were modulated by the spectral complexity of musical sounds in pianists and nonmusicians. In that study, participants were presented with three piano tones that differed in the number of harmonics they contained and a pure tone matched to the fundamental frequency. The P2-evoked responses were larger in both musicians and nonmusicians when they were presented with the more complex piano tones. According to the average power spectrum graph and the spectral analysis examples of the three sound categories used in this experiment (Fig. 1) , the birdsongs have much more acoustic energy in the highfrequencies range than do the other two sound categories.
Although the effect described in the Shahin et al. [11] study is not the same as that described in this study, both results present some evidence that the auditory-evoked P2 component seems to be modulated by the spectral information contained in sound stimuli.
Conclusion
This study has shown that ERP-amplitude differences between groups of auditory experts and novices may not always translate into larger P2 amplitudes in the expert group. Instead, the expert group may have used a different strategy, reflected in a more frontal positivity. 
